This study evaluated the impact of renal function on cardiovascular outcomes in elderly hypertensive patients enrolled in the Japanese Trial to Assess Optimal Systolic Blood Pressure in Elderly Hypertensive patients. The patients were randomly assigned to either a strict-treatment group (target systolic blood pressure (BP) o140 mm Hg, n¼2212) or a mild-treatment group (target systolic BP, 140 to o160 mm Hg, n¼2206), each with efonidipine (a T/L-type Ca channel blocker)-based regimens. Cardiovascular events (stroke, cardiovascular disease and renal disease) were evaluated during the 2-year follow-up period following the prospective randomized open-blinded end-point method. Estimated glomerular filtration rate (eGFR) was elevated throughout the trial period in both the strict-treatment (59.4-62 ml min À1 per 1.73 m 2 ) and the mild-treatment group (58.8-61.4 ml min À1 per 1.73 m 2 ). This tendency was also observed in diabetic patients and patients aged X75 years, with baseline eGFRo60 ml min À1 per 1.73 m 2 . Baseline eGFR (o60 vs. X60 ml min À1 per 1.73 m 2 ) had no definite relationship with the incidence of cardiovascular events, nor did the level of BP control. Proteinuria at the time of entry into the study, however, was significantly correlated with cardiovascular event rates (7.1%), an association that was more apparent in patients with eGFRo60 ml min À1 per 1.73 m 2 (8.2%). Furthermore, the event rate was more elevated in patients with greater declines in eGFR and was amplified when the baseline eGFR was o60 ml min À1 per 1.73 m 2 . In conclusion, the rates of decline of renal function and proteinuria constitute critical risk factors for cardiovascular events in elderly hypertensive patients, trends that are enhanced when baseline eGFR is diminished. Furthermore, the fact that efonidipine-based regimens ameliorate renal function in elderly hypertensive patients with chronic kidney disease may offer novel information on the mechanisms of cardiovascular protection.
INTRODUCTION
Hypertension constitutes a critical public health problem, causing multiple organ dysfunctions that can precipitate serious cardiovascular events including heart failure, stroke and vascular disease. The kidney is also an important target organ for hypertension, and damage to this organ aggravates hypertension, forming a vicious circle of hypertensive renal injury. To mitigate renal injury, antihypertensive therapy has been established as an effective modality for delaying the progression of chronic kidney disease (CKD), and a number of studies have reported that lowering blood pressure (BP) minimizes the decline in glomerular filtration rate (GFR). 1, 2 Nevertheless, the level to which BP should be reduced has not been determined. Indeed, reducing systolic BP to a level below 110 mm Hg has been reported to deteriorate renal function. 3 The optimal BP for renal protection therefore remains to be determined, particularly in elderly hypertensive patients whose renal function is impaired.
A growing body of evidence has been accumulated that proves that antihypertensive therapy provides substantial benefit in reducing the incidence of cardiovascular diseases. [4] [5] [6] Furthermore, much attention has been paid to the role of CKD, as several recent studies have demonstrated that CKD is a critical risk factor for the development of cardiovascular disease. A subanalysis of the HOT trial 7 showed that elevated serum creatinine is closely associated with an increased incidence of cardiovascular events. Other investigations, including RENAAL 8 and HOPE, 9 have also reported CKD to be an important determinant of cardiovascular events. In an epidemiological survey in Japan, approximately 10% of the population aged 20 years or older had diminished GFR (o60 ml min À1 per 1.73 m 2 ). 10 This observation implies an important problem, namely that Japanese hypertensive patients may be at a greater risk for the development of cardiovascular diseases. Recently, Ninomiya et al. 11 demonstrated that CKD is an independent risk factor for the occurrence of cardiovascular disease in the population of Hisayama, a suburban community of Fukuoka city. Their study revealed a critical role for CKD in the development of cardiovascular disease in the community-based Japanese population, although it remains unclear whether this conclusion is applicable to elderly hypertensive patients.
We therefore performed a prospective survey examining the role of hypertension in mediating the progression of CKD in the population used in the Japanese Trial to Assess Optimal Systolic Blood Pressure in Elderly Hypertensive patients (JATOS). 12 The rationale, design and patient characteristics have already been published, 12 and the principal results have been announced. 13 This article reports further subanalysis of the JATOS data to clarify the role of antihypertensive therapy in the progression of CKD. Additionally, the link between CKD and the development of cardiovascular events was evaluated.
METHODS

Study design
JATOS was a prospective, multicenter, randomized, open-label, two-arm parallel-group comparison study in Japanese elderly hypertensive patients. The study design and protocols have been detailed in a previous publication, 12 and the study was registered at the UMIN Clinical Trial Registry (http:// www.umin.ac.jp/ctr/index.htm; trial #UMIN000001021). The random assignment, data collection and analyses were performed by the JATOS Central Registration Office. In brief, the main object of the study was to evaluate the role of BP control in the development of cardiovascular diseases during the 2-year observation period. The subjects enrolled (n¼4418) were aged 65-85 years and manifested sustained hypertension with systolic BP over 160 mm Hg. 13 Patients with severe hypertension (diastolic BPX120 mm Hg), secondary hypertension, recent history of stroke, angina pectoris requiring hospitalization, congestive heart failure (New York Heart AssociationX class II), persistent arrhythmia (for example, atrial fibrillation), dissecting aneurysm, CKD with serum creatinine level X1.5 mg dl À1 , poorly controlled diabetes mellitus (DM; fasting blood glucose X200 mg dl À1 or HbA1cX8.0%), malignant disease or collagen disease were excluded from the trial. DM and hyperlipidemia were diagnosed in accordance with the guidelines of the Japan Diabetes Society 14 and the Japan Atherosclerosis Society, 15 respectively. A cardiothoracic ratio 450% on a chest X-ray film was defined as an enlarged heart, and left ventricular hypertrophy was diagnosed based on the SokolowLyon voltage criteria. Progression in New York Heart Association class was deemed as the onset or aggravation of heart failure.
Written informed consent was obtained from all eligible subjects before the run-in period. This trial was performed in compliance with the Declaration of Helsinki. Patients were enrolled from April 2001 to December 2002, and the trial period ended in December 2004. Upon obtaining informed consent, physicians were allowed to give information on patient profiles to the JATOS Central Registration Office, which subsequently assigned the subjects to two systolic BP target arms (strict-treatment group; o140 mm Hg, and mild-treatment group; 140 to o160 mm Hg) by computer-assisted random allocation. 12 Antihypertensive therapy with efonidipine (20-60 mg per day), a long-acting Ca channel blocker with renal afferent and efferent arteriolar dilator action, [16] [17] [18] [19] [20] was given to all patients, and if the target systolic BP was not achieved, additional antihypertensive agents, including angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, diuretics and b-blockers, were administered.
BP was measured with a sphygmomanometer with the patients in the sitting position at each pre-randomization visit, at randomization visit and at each visit during the follow-up period. Major cardiovascular events constituting primary end points were cerebrovascular disease (cerebral hemorrhage, cerebral infarction, transient ischemic attack, subarachnoid hemorrhage and other types of cerebrovascular disease), cardiac disease (acute myocardial infarction, heart failure, and angina pectoris requiring hospitalization and sudden death), vascular disease (dissecting aneurysms of the aorta and occlusive arterial disease) and renal dysfunction (acute or chronic renal failure and doubling of serum creatinine levels). These events were determined by the Independent Endpoint Evaluation Committee, which was blinded to the treatment assignments. The study was conducted in accordance with the Prospective Randomized Open Blinded End-point method.
Renal function measurement
Serum creatinine values were evaluated in all patients at the pre-randomization visit and every 6 months, and a baseline creatinine concentration above 1.5 mg dl À1 (133 mmol l À1 ) was considered to be an exclusion criterion. Urinary protein was assessed by the qualitative dipstick method. Estimated glomerular filtration rate (eGFR) was estimated using a modified MDRD formula adapted to the Japanese population, including elderly subjects. 10 The effect of antihypertensive therapy on the incidence of cardiovascular events was evaluated on the basis of renal function. Of the two treatment groups, the patients were further stratified by a change in eGFR during the study period (oÀ20%, À20 to oÀ10%, À10 to o+10%, +10 to o+20%, X+20%), and the incidence of cardiovascular events was evaluated in each subgroup.
Exploratory analyses
The effects of BP level on cardiovascular events and eGFR were evaluated. The systolic BP values observed at the last two visits were averaged and the subjects were categorized based on these BP levels (that is, o130 mm Hg, 130 to o140 mm Hg, 140 to o150 mm Hg, 150 to o160 mm Hg and X160 mm Hg).
Statistical analysis
Data were expressed as means ± s.d. or as proportions. Student's t-test was used to compare continuous variables. Frequency analysis was performed by the w 2 test. Only the time to the first cardiovascular event was considered for the primary end point. Similarly, only the first event in each category was counted for other end points (sudden death, cerebrovascular events, cardiac events or renal events). The effects of the two treatment arms were compared based on the intention-to-treat principle. Incidence proportions were calculated by the Kaplan-Meier method and were compared using the log-rank test. The hazard ratio (HR) and 95% confidence intervals (CIs) for cardiovascular events were estimated using Cox regression analysis. All statistical tests were two-sided and the significance level was set at 5%.
RESULTS
Patient demographics at baseline
Elderly subjects (65-85 years old) with sustained hypertension (systolic BPX160 mm Hg) and baseline serum creatinine o1.5 mg dl À1 were enrolled in this trial (n¼4418). Upon registration into the trial, the patients were assigned to one of two systolic BP target groups (a strict-treatment group, o140 mm Hg, and a mild-treatment group, 140 to o160 mm Hg). There was no difference in any of the baseline parameters between these two groups ( Table 1 ). The mean number of the antihypertensive drugs given was 1.7 in the strict-treatment group and 1.5 in the mild-treatment group. 13 Both groups were further categorized into subgroups with baseline eGFR X or o60 ml min À1 per 1.73 m 2 ( Table 1) . Systolic BP, diastolic BP and fasting blood glucose did not differ between the stricttreatment and mild-treatment groups with eGFR X60 ml min À1 per 1.73 m 2 . The prevalence of cardiac enlargement/left ventricular hypertrophy, DM and dyslipidemia was the same between these groups. Likewise, no difference was noted between the strict and the mild groups with eGFR o60 ml min À1 per 1.73 m 2 for any of the parameters. When assessed at each subject's final visit, the percentage of efonidipine monotherapy was lower and the use of angiotensinconverting enzyme inhibitors/angiotensin receptor blockers or diuretics was higher in the strict-treatment group than in the mildtreatment group for any eGFR subset (Table 2) .
Changes in BP
In the strict-treatment group, systolic and diastolic BP levels were reduced, but 6 months were required to achieve the target BP level (that is, o140 mm Hg, Figure 1a ). In the mild-treatment group, systolic BP reached the target BP (that is, 140 to o160 mm Hg) within 3 months and remained within target BP levels throughout the trial period. Likewise, among the subgroup with baseline eGFR X60 ml min À1 per 1.73 m 2 and o60 ml min À1 per 1.73 m 2 , systolic BP in the strict-treatment group was significantly lower than that in the mild-treatment group throughout the trial period (Figures 1b and c) .
Renal outcomes
Renal end points, as assessed by doubling of serum creatinine or endstage renal disease requiring dialysis therapy, were experienced in eight patients in the strict-treatment group and nine patients in the mildtreatment group (Figure 2 ). The incidence rate did not differ between these treatment groups (P¼0.804). Likewise, the BP control strategy (strict vs. mild treatment) did not affect the incidence of renal events in any of the subgroups with reduced baseline eGFR, DM, male gender, proteinuria at baseline or age over 75 years. Figure 3 summarizes the temporal changes in eGFR in the two treatment groups based on various categories. The eGFR was slightly elevated during the trial period, from 59.4 to 62.0 ml min À1 per 1.73 m 2 in the strict-treatment group (Po0.0001) and from 58.8 to 61.4 ml min À1 per 1.73 m 2 in the mild-treatment group (Po0.0001, Figure 3a , top). There was no difference in eGFR between these two groups at the end of the trial (P¼0.3737). Furthermore, in patients with reduced baseline renal function (that is, eGFRo60 ml min À1 per 1.73 m 2 ), there was a greater increase in eGFR, from 48.8 to 55.0 ml min À1 per 1.73 m 2 (Po0.0001) in the strict-treatment group and from 48.8 to 54.9 ml min À1 per 1.73 m 2 (Po0.0001) in the mildtreatment group (Figure 3b, top) .
Changes in eGFR
We further categorized the subjects based on the actual systolic BP observed at the end of the trial. This analysis revealed that the subgroup that failed to achieve systolic BP below 160 mm Hg manifested no change in eGFR, whereas eGFR was elevated in the remaining categories of patients (Figure 3a, bottom) . Similarly, although all BP category groups manifested elevations in eGFR, the subgroup that achieved BP X160 mm Hg exhibited a lower increment in eGFR than the other subgroups (P¼0.0021; Figure 3b , bottom).
Patients with DM or proteinuria or those aged X75 years manifested nearly identical changes in eGFR between the two treatment groups (Figures 3c-e). Significant increases in eGFR were observed in patients aged X75 years, whereas no significant change was noted during the treatment period in patients with DM or proteinuria. The changes in eGFR were further evaluated based on the categorization of the patient profiles (that is, age or presence of DM or proteinuria). eGFR levels were significantly higher in patients o75 years old than in those X75 years old at all points of the treatment period (Po0.0001, Figure 4a ) and increased in both age groups during the trial period (o75 years old, Po0.0001; X75 years old, P¼0.0003). In patients with DM, eGFR tended to increase, although it did not attain statistical significance (P¼0.2550). In subjects with proteinuria, eGFR remained unaltered during the trial period (P¼0.3431).
Among the patients with reduced renal function (that is, baseline eGFRo60 ml min À1 per 1.73 m 2 ), the subgroups of patients aged o75 years and X75 years manifested similar elevations in eGFR (Po0.0001, Figure 4b ). Likewise, an increase in eGFR was observed in patients with DM (P¼0.0016), but eGFR was unchanged throughout the trial period in patients with proteinuria (P¼0.5328). Of interest, eGFR was elevated from 57.7±14.1 to 60.1±16.5 ml min À1 per 1.73 m 2 in 215 patients in whom proteinuria disappeared during the trial period. This trend was also observed in the subgroup of patients with baseline eGFRo60 ml min À1 per 1.73 m 2 (from 48.7 ± 6.7 to 52.7 ± 13.3 ml min À1 per 1.73 m 2 , n¼133). Figure 5 shows Kaplan-Meier curves for the incidence of composite cardiovascular events in patients with baseline eGFRo60 and X60 ml min À1 per 1.73 m 2 . The event rate tended to be greater in patients with baseline eGFRo60 ml min À1 per 1.73 m 2 than in those with eGFRX60 ml min À1 per 1.73 m 2 , although the difference did not attain statistical significance (P¼0.1723, Figure 5a ). When the accumulated event rates were compared between the two treatment groups (that is, mild vs. strict treatment), no difference was noted between the two treatment groups with either baseline eGFR Z60 (P¼0.9553, Figure 5b ) or o60 ml min À1 per 1.73 m 2 (P¼0.9714, Figure 5c ). When categorized based on the systolic BP observed at the end of the study, however, the subgroup with systolic BPX160 mm Hg carried a higher event rate than other subgroups (Po0.0001, Figures 5d and e) .
Role of CKD in cardiovascular events
Proteinuria at the time of entry into the trial constituted a strong risk predictor of cardiovascular events (P¼0.0001), particularly in Among 2366 patients for whom urinalysis data were obtained at both the time of entry and at the end of the study, 15% of the patients had proteinuria upon entry (Figure 6d ). Of these patients, proteinuria disappeared in 60% of the subjects; there was no difference in the rate of proteinuria disappearance between the strict-treatment group (61.7%) and the mild-treatment group (59.0%, P¼0.6813). In patients Figure 2 Incidence of renal events in the strict-treatment and mild-treatment groups. The incidence of renal events was evaluated based on several parameters, including eGFR, diabetes, male gender, proteinuria and age. Renal events include end-stage renal disease and doubling of serum creatinine levels. Figure 3 Temporal changes in eGFR during the trial. Changes in eGFR were evaluated in all patients (a) and those with diminished eGFR (o60 ml min À1 per 1.73 m 2 , b). The subjects were further divided by systolic blood pressure control categories (strict-treatment group vs. mild-treatment group) or the actual systolic blood pressure achieved at the last two visits (o130 mm Hg, 130 to o140 mm Hg, 140 to o150 mm Hg, 150 to o160 mm Hg, and X160 mm Hg). The effect of blood pressure control on changes in eGFR was evaluated in the subgroups of diabetes (DM) (c), age X75 years (d) and proteinuria (e). *Po0.05, **Po0.01 within trial periods. without proteinuria at entry, 91% of the patients remained nonproteinuric during the study period. The incidence of cardiovascular events was the highest in patients with sustained proteinuria (7.7%, P¼0.0327).
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Association between changes in renal function and cardiovascular events
We further assessed the correlation between the incidence of cardiovascular events and changes in eGFR. The observed results were adjusted based on possible confounding factors, including proteinuria and DM at the commencement of the study. The incidence of cardiovascular events increased as the decline rate of eGFR was greater (P¼0.0024 in the strict-treatment group, P¼0.0002 in the mildtreatment group, Figure 7a ). This trend was more pronounced in patients with baseline eGFRo60 ml min À1 per 1.73 m 2 ( Figure 7c) ; marked elevations in the event rates were noted in both groups, when eGFR decreased by 20% or more (P¼0.0002 in the strict-treatment group and P¼0.0001 in the mild-treatment group). When assessed in Figure 6 Cardiovascular event rates in patients with proteinuria. The incidence of events was assessed in all patients (a), patients with baseline eGFRX60 ml min À1 per 1.73 m 2 (b) and patients with baseline eGFRo60 ml min À1 per 1.73 m 2 (c). Proteinuria disappeared in 60% of the proteinuric patients at the end of the trial, and the incidence of cardiovascular events was reduced in this subgroup, compared with patients with persistent proteinuria (d). Figure 7 Effects of the change in eGFR on the incidence of cardiovascular events. Event rates were evaluated based on percent changes in eGFR during the trial period in all patients (a), in patients with baseline eGFR X60 ml min À1 per 1.73 m 2 (b) and in patients with baseline eGFR o60 ml min À1 per 1.73 m 2 (c).
the whole patient population or in patients with reduced eGFR, no significant difference was observed between the two treatment groups with regard to each category of changes in eGFR. In patients with baseline eGFRX60 ml min À1 per 1.73 m 2 , no significant trend was noted between the changes in eGFR and the incidence of cardiovascular events (Figure 7b ).
DISCUSSION
An increasing amount of evidence has shown that inhibition of the renin-angiotensin system constitutes a central strategy for the treatment of CKD. 21, 22 Despite extensive investigations that have attempted to alleviate the progression of CKD, no therapeutic modality has been established as a tool that halts the course of CKD in elderly hypertensive patients in whom renal function has declined relentlessly. Furthermore, several recent studies have demonstrated that CKD constitutes a determinant of the development of cardiovascular disease. [7] [8] [9] [10] Nevertheless, the extent to which BP should be controlled to minimize the incidence of cardiovascular diseases and to preserve renal function in elderly hypertensive patients has not yet been elucidated.
The JATOS study was designed to clarify the effects of BP levels on cardiovascular events in elderly hypertensive Japanese patients using efonidipine as a baseline antihypertensive drug. 12, 13 The present renal subanalysis attempted to elucidate the roles of BP level, age, and the presence of proteinuria or DM in renal function and to evaluate whether baseline renal function or change in eGFR affects the incidence of cardiovascular events. The results showed that the incidence of renal events (that is, doubling of serum creatinine levels or end-stage renal disease) did not differ between the strict-treatment group and the mild-treatment group (Figure 2) . The same results were obtained in subgroups of patients with impaired renal function (baseline eGFRo60 ml min À1 per 1.73 m 2 ), DM and proteinuria, and in male patients and those X75 years old. Consistently, the present study showed well-preserved eGFR throughout the trial period and nearly identical temporal changes in eGFR in the two treatment groups (Figure 3) . Indeed, the subgroups in which the actual BP fell below 160 mm Hg at the end of the trial manifested similar temporal changes in eGFR. This trial therefore indicates the favorable action of efonidipine-based regimens on renal function in elderly hypertensive patients, and the results are consistent with our previous report suggesting BP-independent protective action of efonidipine. 23 In this regard, the MDRD study demonstrated that lowering BP was associated with delayed progression of CKD, particularly when proteinuria exceeded 1 g per day. 24 By contrast, the AASK trial indicated that the decline rate of GFR in the usual BP goal group was nearly the same as that in the lower BP goal group. 25 These divergent observations may be attributable to several factors, including the age of the participants, the degree of renal function, the amount of proteinuria at baseline, the treatment strategy and the duration of the study.
Aging is associated with a decline in renal function. In the present study, however, we have demonstrated that eGFR is rather elevated in elderly hypertensive patients of both treatment groups during the trial period (Figure 3a) , and this tendency is also observed when the baseline eGFR is reduced (that is, o60 ml min À1 per 1.73 m 2 , Figure 3b ). Of more interest, the antihypertensive therapy with the efonidipine-based regimen increased eGFR in patients with impaired renal function who were X75 years old or who suffered from DM (Figure 4b) . In this regard, many previous studies have shown that antihypertensive therapy fails to induce sustained elevations in GFR in patients with CKD; GFR declines with long-term treatment with conventional types of Ca channel blockers, as has been shown in several clinical trials, including AASK 25 and INSIGHT. 26 Indeed, the use of these types of Ca channel blockers in CKD raises concerns because of the potential aggravation of glomerular hypertension, possibly as a result of preferential afferent arteriolar dilation. 16 By contrast, novel types of Ca channel blockers, including efonidipine and benidipine, which possess T-type Ca channel blocking activity, 27, 28 confer a greater benefit on renal function. 23, [29] [30] [31] Of interest, efonidipine possesses renal protective action via efferent arteriolar dilation, [17] [18] [19] [20] the inhibition of Rho kinase 32 and, possibly, the inhibition of aldosterone activity. 33, 34 Our present observations therefore imply a distinct therapeutic applicability of Ca channel blockers in CKD. 31, 35 Of note, the present study showed that in patients with proteinuria at baseline, eGFR was lower than in non-proteinuric patients throughout the study period (Figures 4a and b, bottom) . These observations are compatible with previous reports showing that proteinuria per se constitutes a risk factor for the development of CKD. 36, 37 Nevertheless, the current trial demonstrated that eGFR was maintained at a constant level throughout the study period. Furthermore, in patients whose proteinuria disappeared during the study period, eGFR was actually elevated. It can therefore be surmised that proteinuria constitutes a pivotal target for the treatment of hypertension and that the therapeutic strategy would determine the course of CKD.
Since the recognition of CKD as a deleterious factor regarding the development of cardiovascular events, 7-9 a number of studies have attempted to clarify the roles of several risk factors in this process. The present study, however, failed to demonstrate a critical role of impaired renal function in the development of cardiovascular events, although the event rate tended to be higher in patients with eGFRo60 ml min À1 per 1.73 m 2 (P¼0.1723, Figure 5a ). Furthermore, the event rate did not depend on the target BP levels in the subgroup with preserved or diminished renal function during the 2-year treatment with the efonidipine-based regimen (Figures 5b and c) , as long as the achieved BP at the end of the study did not exceed 160 mm Hg (Figures 5d and e) . Several reasons may explain the divergent results between our findings and previous observations showing CKD as a cardiovascular risk factor, 7-9 including the observation period, the age of the patients and the use of antihypertensive therapy. As the inclusion criteria for entry into JATOS limited serum creatinine to o1.5 mg dl À1 , the small difference in the baseline renal function between these two subgroups may not significantly affect the incidence of cardiovascular events. Further investigations are required to clarify this important issue.
Additional factors affecting the development of cardiovascular disease include the presence of proteinuria. As already reported, proteinuria constitutes an important determinant of cardiovascular disease. [38] [39] [40] Concordantly, the present study shows that the incidence of cardiovascular events is higher in patients with proteinuria than in non-proteinuric patients (Figure 6a) . Furthermore, although reduced eGFR per se did not elevate the cardiovascular event rate significantly (P¼0.1723, Figure 5a ), the presence of proteinuria amplified the cardiovascular risk entailed with reduced eGFR (Figure 6c ). This result highlights the impact of renal function and proteinuria, that is, the cardiorenal continuum, in elderly hypertensive subjects. Of note, during the trial, proteinuria disappeared in 60% of patients with baseline proteinuria; this group of patients manifested a lower incidence of cardiovascular disease compared with patients with persistent proteinuria (2.8 vs. 7.7%, P¼0.0327; Figure 6d ). The implication of proteinuria as a therapeutic target is once again emphasized. 41 Of interest, the present study shows that the elevated cardiovascular risks associated with proteinuria are not only ascribed to renal events (HR: 21.95, 95% CI: 2.45-196.30, P¼0.006), but are also due to cerebrovascular events (HR: 2.10, 95% CI: 1.10-4.00, P¼0.024) and marginally to cardiac events (HR: 2.58, 95% CI: 0.97-6.86, P¼0.059). Similar findings were observed in the renal subanalysis of the CASE-J study, which showed that CKD is more closely associated with the development of cerebrovascular events than of cardiac events, which is apparent even in the early stage of CKD. 40 These observations could reflect the characteristics of Japanese CKD subjects, who are more prone to cerebrovascular events than cardiac events. 42 Recent studies have demonstrated that changes in renal function are associated with cardiovascular events. Khan et al. 43 reported that the rate of decline in eGFR during the observation period parallels the mortality in patients with left ventricular systolic dysfunction. Recently, Rifkin et al. 44 demonstrated that a rapid decline in eGFR is associated with an increased risk of cardiovascular and all-cause mortality in older adults. The present study showed that rate of decrease in eGFR was correlated with the incidence of cardiovascular events in both the strict-treatment and the mild-treatment groups, although there was no difference observed between these groups (Figure 7a ). When compared with the patients with baseline eGFRo60 ml min À1 per 1.73 m 2 , the event rate was markedly elevated in both groups of patients with 20% or greater decreases in eGFR (strict-treatment group, 12.3%; mild-treatment group, 11.8%, Figure 7c ). These findings indicate that the rate of decline in renal function determines the incidence of cardiovascular events. Importantly, this tendency is exaggerated when baseline renal function is compromised. Collectively, both baseline function and changes in renal function act in concert to modify cardiovascular insults in elderly hypertensive patients.
In conclusion, the present subanalysis of the JATOS study has demonstrated that antihypertensive therapy with efonidipine-based regimens improves kidney function. Such improvement is observed even in the presence of impaired renal function and appears to be independent of systemic BP. Furthermore, the incidence of cardiovascular events is greater in the subgroup with proteinuria or greater decline in eGFR. These observations offer substantial information on the therapeutic strategy in the treatment of hypertension with regard to renal protection and cardiovascular events in elderly hypertensive patients.
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